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Fighting responses were elicited by response-independent shocks delivered to pairs of rats.
Food pellets were presented following different non-fighting responses to shock: some pairs
of rats received pellets dependent upon a specific non-fighting response to shock; others
received pellets dependent upon any non-fighting response to shock; and control pairs never
received pellets. The mean probability of an elicited aggressive response to shock was re-
duced to 0.2 by food reinforcement for a specific non-fighting response, and to 0.5 by food
reinforcement for any kind of non-fighting response. These values contrasted with the
0.8 probability of elicited aggression when pairs of rats received no food reinforcement.
Consistent findings were obtained when treatment conditions were changed for individual
pairs of rats.

Recent findings indicate that elicited aggres-
sion is affected by operant contingencies; elic-
ited aggression can be decreased by punishing
the aggressive response. A series of experiments
by Baenninger and others (e.g., Myer and
Baenninger, 1966) showed that, mouse-killing
by rats can be suppressed by punishment.
Ulrich, Wolfe, and Dulaney (1969), and Baen-
ninger and Grossman (1969) demonstrated, re-
spectively, suppression of shock-elicited hose-
biting in monkeys and of tail-pinch elicited
fights in pairs of rats, both by response-depen-
dent shock. Azrin (1970), with monkeys, and
Roberts and Blase (1971), with rats, demon-
strated that the degree of suppression is di-
rectly related to the intensity of the punishing
shocks.

In only one experiment has an attempt been
made to eliminate elicited aggression by rein-
forcing responses incompatible with fighting,
rather than punishing the fighting response
itself. This study (Ulrich and Craine, 1964)
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used rats and attempted to eliminate fighting
by negatively reinforcing any responses incom-
patible with fighting. However, the duration
of fighting episodes increased under this proce-
dure. These authors suggested that the specific-
ity of the nonaggressive response chosen for
reinforcement may be a critical factor in reduc-
ing the frequency of fighting in response to
shock. The present experiment examined this
possibility by varying that specificity. In addi-
tion, positive reinforcement was used.

METHOD
Subjects

Eighteen Holtzman Sprague-Dawley male
rats, 73 days old at the start of experimenta-
tion, were maintained on a food regimen of
12 g of Purina Lab Chow per day with water
always available in the home cage. All subjects
were studied between 8:30 a.m. and 1:30 p.m.
daily, and were fed at 4:00 p.m. Subjects were
70 days old when received from the Holtzman
Co. and were individually housed upon arrival.

Apparatus
The Lehigh Valley Electronics experimental

chamber (model number LVE 1417) measured
9 by 12 by 11 in. (24.1 by 30.5 by 26.7 cm). It
had a grid floor and two metal walls wired to
deliver shock from a Grason-Stadler E1064GS
Shock Generator. The front and rear walls and
ceiling were clear Plexiglas. One metal side
wall of the chamber was modified such that

535

1972, 18, 535-540 NUMBER 3 (NOVEMBER)



JOY BAISINGER and CARL L. ROBERTS

two food magazines projected into the cham-
ber from adjacent corners. The left-hand (L)
magazine was located 0.25 in. (0.3 cm) from the
rear of the chamber; the right-hand (R) maga-
zine was located 0.25 in. from the front of the
chamber. The chamber was housed within a
larger sound-attenuating box, and a ventilator
fan provided masking noise. Relay equipment
was in an adjoining room.

Procedure
Subjects were randomly paired and allo-

cated to three groups of three pairs each. Each
subject was trained to approach and eat 4.0
mm by 3.3 mm, 45-mg Noyes pellets from a
food magazine in response to a 1.0-sec,
1400-Hz, 80-dB tone that signalled pellet de-
livery. One member of each pair of subjects
was trained to approach the left magazine and
the other member to approach the right maga-
zine. Then, each subject had one 15-min mag-
azine training session per day for six days. All
subjects responded consistently to the tone and
ate the pellet by Sessions 5 and 6. There were
no systematic differences between groups in
rate of acquisition. Training continued for
four more sessions with the subjects now
paired; during this phase, all subjects con-
tinued to respond appropriately to the tone
and eat all the pellets presented.
Beginning in the eleventh session, each pair

received during a 10-min session 120 unavoid-
able, 0.5-sec, 2-mA shocks with a fixed shock-
shock interval of 4.5 sec. In addition, three dif-
ferent treatment conditions obtained.

For three pairs of rats in the Specific-re-
sponse condition, food pellets were delivered
if, while the 0.5-sec shock was on, the members
of each pair went to different food magazine
corners. This criterion was considered met if
the nose of the rat was within about 2 in.
(5 cm) of a magazine corner, and oriented such
that it was pointing toward the corner or
toward some point on a wall within about 2 in.
of the corner. Neither subject was required to
go to a specific magazine corner. If, immedi-
ately following shock onset, one subject went
to or stayed in one of the magazine corners and
the other subject went to or stayed in the other
magazine corner, tone plus food pellets imme-
diately followed shock termination for both
rats.

For three pairs of rats in the Any-response
condition, food pellets were delivered if, dur-

ing the time shock was on, the members of the
pair emitted any behavior not classified as
fighting. The final three pairs of rats in the
Control condition received shock treatment
identical with that of the first two groups, but
never received food pellets.

For all rats, any stereotyped fighting posture
(cf. Ulrich and Azrin, 1962), biting or striking
movements on the part of either subject
toward its partner was defined as a fighting re-
sponse. For any one shock, only one fighting
episode was counted. The first author observed
and recorded these aggressive episodes and de-
livered food pellets according to group assign-
ment. As a reliability check, the second author
observed sessions periodically; agreement be-
tween observers on such occasions always ex-
ceeded 94%.
During Sessions 11 and 12, tone response

and eating were disrupted by the shock. There-
fore, it was decided to return the pairs of sub-
jects to magazine-training for four sessions to
reestablish a consistent magazine approach
and eating response to tone presentation, and
to make certain procedural changes. After re-
training (Sessions 13 to 16), shock sessions re-
commenced with two modifications of the pre-
vious procedure. First, the shock-shock interval
was increased to 9.5 sec, reducing the number
of shocks per 10-min daily session to 60. Sec-
ond, a pre-shock period averaging 5 min in
duration was added. During this period
wherein no fights ever occurred, approximately
six tone-signalled pellets per minute were pe-
riodically delivered independently of the rats'
behavior. All subjects ate under the new pro-
cedures.
Twenty six daily sessions under these new

shock conditions (Sessions 17 to 42) constituted
the first shock phase. During the second shock
phase (Sessions 43 to 60), treatment conditions
were changed for two of the three pairs previ-
ously trained on the Specific-response condi-
tion, and for two of the three pairs previously
trained on the Control condition. In the
former case, two pairs were switched from Spe-
cific-response to Control conditions, while in
the latter, two pairs were switched from Con-
trol to Specific-response conditions. All other
pairs received the same treatment during the
second shock phase as during the first.
During the third shock phase (Sessions 61 to

69), the pair that had remained in the Specific-
response condition throughout Phases 1 and 2
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was switched to the Any-resp
The pairs that had remained
sponse condition throughout I
were also switched: one pair rc
conditions during the third l
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conditions was composed of tw
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RESULTS
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Fig. 1. Mean probability of elicitec

groups of rat pairs for 26 days. C: (
reinforcement. S: Specific-response
non-fighting response to shock reini
sponse group, any non-fighting respo
forced.

onse condition. ing probabilities of approximately 0.5 by the
in the Any-re- end of the first shock phase. Finally, the fight-
Phases 1 and 2 ing probabilities of Specific-response pairs in-
aceived Control creased over the first several sessions, but then
phase, and the decreased witlh continued training from a high
ise conditions. of 0.4 to a low of 0.1.
hed to Control Figure 2 is a plot of the individual-pair data,
ro Any-response rather than group means, showing individual
)hase after their variability through the last five sessions of the

first shock phase, and through all of the second
and third shock phases.
The top (A.) frame of Figure 2 shows the ef-

fects of switching the three pairs of rats in the
iock phase are Control group to each of the other conditions.
7 to 42). Differ- Two Control pairs were switched to the Spe-
ting in response cific-response condition in Session 43, and a
lifferent experi- decrease in fighting probabilities to about 0.2
ach data point resulted. The third Control pair (C3) was
:ing probability switched to the Any-response conditions in
in a group, the Session 61. Before this switch, the pair fought
se to shock dur- with about 0.8 probability, but afterward fight-
by dividing the ing decreased to the level shown by pairs ini-
ing that session tially under the Any-response condition.
'hese probabili- The middle (B.) frame of Figure 2 shows the
ch Froup. Con- effects of switching the three pairs of rats in
tigher fighting the Specific-response group to each of the other
(A) or Specific- treatment conditions. Two Specific-response
robabilities in- pairs were switched to Control conditions in
Control group Session 43, and showed an increase in fighting
te at about 0.8. probability to 0.7-0.8 during the last days of
p showed a rise the experiment. The third Specific-response
the first seven pair (S3) was switched to Any-response condi-
vith one excep- tions in Session 61, but no change in fighting
introl pairs but probability occurred. The pair had developed
rs, having fight- lower fighting probabilities in Sessions 43

through 60, while still under Specific-response
conditions, than they had previously had in
Sessions 17 through 42. Since the pair had been

/A~~-.~/ emitting virtually no non-fighting response
other than the one previously reinforced, the
change in contingencies could not, of course,
be expected to have an effect on its perform-
ance.

Finally, the bottom (C.) frame of Figure 2
shows the behavior of the two surviving Any-
response pairs after both were switched in Ses-
sion 61. One pair, switched to Control condi-

34 38 42 tions, fought more than it had previously, with
fighting probabilities reaching the typical 0.8

i fighting in three level. The other pair, switched to Specific-re-
Control group, no sponse conditions, continued to fight with a
group, a specific probability of about 0.6. The fact that one
nse to shock rein- subject of the pair ate inconsistently, with be-

havior not effectively reinforced sufficiently

537



JOY BAISINGER and CARL L. ROBERTS

>= 0-.c3 c3 y - , .-E
-I

*-qS1 -C B.

.8 's2 -sc .-.S3-.,
0

e3 --e3A 0*. *~-4' 0-.

0.24
z A

I 0-OAl
0 i *--A1 * 06 -Os Co
U. 9-04s * #@^o3 -02 3_c,_c

.-.A2~~~~~~~~~~~~~~~

4. . 9

.6 p,.' *A /' p/\

.2

38 434350 55 6061 65 69

SESSIONS
Fig. 2. Probability of elicited fighting in individual pairs of rats for 32 sessions with various reinforcement

schedules. Arrow indicates change in treatment of a pair starting the day after the indicated vertical division
(e.g., S1 -4 C indicates pair S1 was changed from Specific-response to Control conditions).
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often, may account for the failure of this par-
ticular change in contingencies to produce an
expected decrease in fighting. No other subject
ate inconsistently. Visual observation indi-
cated that for Specific-response pairs, nonag-
gressive responding did not dominate until
each subject consistently went to a specific
magazine corner. Before such specific behavior
appeared, subjects would frequently both go
to the same magazine corner, or switch corners
during shock.
The behavior that replaced fighting in Spe-

cific-response pairs was the same in all such
pairs. Typically, during a series of non-fighting
responses to shock, subjects scrambled in their
respective magazine corners (where they re-
mained between shocks), moved their feet rap-
idly, sometimes jumped in the corner during
shock, and ate immediately afterwards. In
addition, it was specifically noted that the least
aggressive pair (see S3, Figure 2B) developed
a stereotyped behavior pattern during the sec-
ond and third shock phases. Besides showing
the behaviors just noted, this pair regularly
oriented toward each other after eating and,
with shock onset, turned away from each other
toward the corners.

DISCUSSION
The present results are consistent with Ul-

rich and Craine's (1964) suggestion that the
specificity of the nonaggressive response chosen
for reinforcement is a critical factor in reduc-
ing the frequency of fighting in response to
shock. In the present experiment, pairs of rats
whose specific non-fighting responses to shock
were reinforced, fought substantially less than
rats for which any non-fighting response was
reinforced, and these rats, in turn, fought less
than rats whose non-fighting responses were
not reinforced at all. Further, reinforcing a
specific non-fighting response might well have
been more effective if the response had been
even more specific. Under the conditions that
obtained, a subject could receive pellets either
for going to the right-magazine corner or for
going to the left-magazine corner, so long as its
fellow subject chose the other corner on that
occasion. Given these conditions, responding
was not efficient until each subject developed
the even more specific response of going to a
given magazine corner. Presumably, condition-
ing would have proceeded more rapidly if rein-

forcement had been made dependent on that
more specific response. The importance of re-
sponse specificity is thus indicated not only by
the difference in the behavior of Any- and Spe-
cific-response pairs, but also by the correlation
for Specific-response pairs between the develop-
ment of more specific responding and a de-
crease in fighting probability.
An alternative formulation of these findings

is possible, namely that the effects seen may
merely have been due to the separation of the
rats and orientation away from each other pro-
duced by the presentation of reinforcement in
adjacent corners of the chamber. In other
words, if the rats in the Specific-response con-
dition ran to different corners, they were sepa-
rating themselves from each other more than
members of pairs in the Any-response condi-
tion, thus lowering fighting probability (e.g.,
Ulrich and Azrin, 1962). A corollary to this is
the possibility that at a shock-shock interval of
9.5 sec, animals tend to remain in the fighting
posture between shocks and, therefore, animals
that had not just received food would be more
likely to fight than subjects whose responses
had been reinforced on the previous trial.
Two observations run contrary to these sug-

gestions, however. The first is that, as previ-
ously noted, the members of the least aggres-
sive pair regularly oriented toward each other
between shocks, yet did not fight in response
to shock. The second is that Any-response
pairs frequently checked the food magazines
even after fighting, so that there was no notice-
able difference in the degree of separation pro-
duced in Any-response versus Specific-response
pairs by the food magazines.
A question may also arise regarding the

Any-response pair (A3) mentioned earlier
which, in spite of the reinforcement procedure,
developed a fighting probability almost as low
as those of Specific-response pairs. This pair's
behavior is consistent with the demonstrated
importance of specificity. The pair emitted few
non-fighting responses other than the specific
one, namely the corner response, which was
reinforced for Specific-response pairs, and thus
had what were, in effect, Specific-response con-
tingencies. The emission of a limited variety of
non-fighting responses may have been the re-
sult of the pair's initial high tendency to ap-
proach the food magazines. Other Any-re-
sponse pairs had a lower frequency of corner
responses. Magazine approach was thus rein-
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forced for this pair from the start and its fre-
quency as a non-fighting response to shock was
higher for this pair than for the other Any-
response pairs.

Thus, positive reinforcement of either a spe-
cific non-fighting behavior or any non-fighting
behavior was found effective in decreasing
elicited fighting, with the former being more
effective than the latter. That reinforcement of
any non-fighting response was effective is a
finding in contrast to that of Ulrich and
Craine (1964), who reported an increase in
fighting with continued training. The most
obvious difference between the two studies
apart from response specificity may be respon-
sible for these contrasted findings. The pres-
ent experiment used positive reinforcement
whereas. Ulrich and Craine used negative,
turning continual shock off for 60 sec if pairs
of rats stopped fighting. In the latter case, con-
tinuing the shock (whose removal constituted
reinforcement) tended to elicit the very behav-
ior that was to be eliminated.
The present findings seem important within

the context of what Skinner (1966) called the
differences between phylogenic and ontogenic
contingencies in the provenance of behavior.
Such experimentation may provide a way of
elucidating differences. More importantly, it
shows that elicited aggressive behavior can be
controlled by accessible variables whatever its
provenance (cf. Skinner, 1969, pp. 199-206 and
212). Punishment studies have found that elic-
ited fighting can be clearly suppressed by ma-
nipulating its consequences directly (e.g., Az-
rin, 1970; Roberts and Blase, 1971), and the
present experiment has shown that aggressive
behavior can be markedly reduced by reinforc-
ing non-fighting behavior that occurs when the
eliciting stimulus occasionally fails to produce
the aggressive behavior. In short, behavior that
is usually presumed part of the subject's in-
herited repertoire (i.e., has a phylogenic prov-

enance) is easily brought under the control of
contingencies operating in the ontogeny of the
individual.
While it is clear that some behaviors with a

phylogenic provenance can be modified by
ontogenic contingencies, the degree to which
this may be possible for a given behavior in a
given species is not clear. The speculation
might be risked that knowledge of the degree
to which or ease with which a response of
phylogenic provenance can be modified would
be useful in understanding the role of that
response in the survival of that species.
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